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Abstract—The Hydrosphere State Mission (Hydros) is a
pathfinder mission in the National Aeronautics and Space Ad-
ministration (NASA) Earth System Science Pathfinder Program
(ESSP). The objective of the mission is to provide exploratory
global measurements of the earth’s soil moisture at 10-km resolu-
tion with two- to three-days revisit and land-surface freeze/thaw
conditions at 3-km resolution with one- to two-days revisit. The
mission builds on the heritage of ground-based and airborne pas-
sive and active low-frequency microwave measurements that have
demonstrated and validated the effectiveness of the measurements
and associated algorithms for estimating the amount and phase
(frozen or thawed) of surface soil moisture. The mission data will
enable advances in weather and climate prediction and in map-
ping processes that link the water, energy, and carbon cycles. The
Hydros instrument is a combined radar and radiometer system
operating at 1.26 GHz (with VV, HH, and HV polarizations)
and 1.41 GHz (with H, V, and U polarizations), respectively. The
radar and the radiometer share the aperture of a 6-m antenna
with a look–angle of 39 with respect to nadir. The lightweight
deployable mesh antenna is rotated at 14.6 rpm to provide a con-
stant look-angle scan across a swath width of 1000 km. The wide
swath provides global coverage that meet the revisit requirements.
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The radiometer measurements allow retrieval of soil moisture
in diverse (nonforested) landscapes with a resolution of 40 km.
The radar measurements allow the retrieval of soil moisture at
relatively high resolution (3 km). The mission includes combined
radar/radiometer data products that will use the synergy of the
two sensors to deliver enhanced-quality 10-km resolution soil
moisture estimates. In this paper, the science requirements and
their traceability to the instrument design are outlined. A review
of the underlying measurement physics and key instrument per-
formance parameters are also presented.

Index Terms—Land freeze/thaw, microwave remote sensing,
satellites, soil moisture.

I. INTRODUCTION

THE Hydrosphere State (Hydros) Mission will use a com-
bined passive/active low-frequency (L-band) microwave

instrument to measure the land hydrosphere state globally from
space. Hydros will provide measurements of surface soil mois-
ture (0–5 cm depth) and land freeze/thaw over a wide 1000-km
swath with a global revisit of two to three days (one to two days
above 50 latitude). Over 70% of the swath the radar resolution
is better than 3 km. The radiometer resolution is about 40 km.
Measurements from these sensors are combined to produce a
global 10-km soil moisture data product.

The radar and the radiometer share the aperture of a large
(6 m) but lightweight deployable mesh reflector. The reflector
rotates to make conical scans over a wide swath ( 1000 km). In
this way. Hydros will produce global mapping with high revisit
(see Fig. 1).

The Hydros mission has been selected as a National Aero-
nautics and Space Administration (NASA) Earth System Sci-
ence Pathfinder (ESSP). In this paper, the scientific basis and the
measurement approach for the Hydros mission are described.
In Section II, the scientific motivation for making the measure-
ments is presented. The science and application requirements
for measurements are defined, and the underlying physics of
the measurements are also reviewed. The measurement require-
ments and underlying physics are traced to the instrument con-
cept outlined in Section III. In Section IV, the retrieval algo-
rithms and data products are reviewed. The status of the Hydros
mission and time-line for implementation are presented in the
concluding Section V.
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Fig. 1. Hydros mission.

II. SCIENCE AND APPLICATION REQUIREMENTS FOR SOIL

MOISTURE AND LAND FREEZE/THAW MEASUREMENTS

Measurements of soil moisture and its freeze/thaw state are
critical components in approaching high-priority questions in
earth system science today [1]. These include key questions
about the water and energy cycle as well as the carbon cycle.
Soil moisture is often the limiting factor in evaporation from
the landscape. Plants transpire water by extracting moisture
from the surface soil and throughout the root-zone. Evaporation
from soil surface is also dependent on the availability of mois-
ture. Since large amounts of energy are required to vaporize
water, soil control on evaporation and transpiration also has a
significant impact on the energy cycle. Soil moisture and its
freeze/thaw state are also key determinants of the global carbon
cycle. Carbon uptake and release in boreal landscapes is one of
the major sources of uncertainty in assessing the carbon budget
of the earth system (the so-called “missing carbon sink”).
Hydros is an exploratory mission to demonstrate that global
measurements of soil moisture and its freeze/thaw state can
be made with the precision, spatial resolution, and temporal
frequency to address critical science questions in water, energy,
and carbon cycles.

A. Key Scientific Applications and Their Data Requirements

Global change projections on decadal and century time scales
are built on foundations of conceptual understanding and mod-
eling. However, there the significant uncertainty associated with
the model-based projections is largely influenced by the uncer-
tainty in the representation of land-surface processes. Whereas
the uncertainty of different model projections of global change
in terms of variables such as temperature may have lessened
over the last few years, simulations of surface hydrological pro-
cesses are at odds among climate models [2]. An effective way
to diagnose errors in surface hydrologic processes in climate
models is to examine how they simulate the partitioning of at-
mospheric forcing (available energy into sensible and latent heat
flux and precipitation into runoff and infiltration) as a function
of regional soil moisture [3], [4].

Fig. 2 shows the control of soil moisture over surface evap-
oration at a specific site [5]. The fractional surface evapora-
tion (with respect to its upper limit, potential evaporation) is

Fig. 2. Ground-based L-band radiometer is used to make the soil moisture field
measurements to estimate the surface control on evaporation [5]. The red line is
a fit through the discrete estimates. Global Hydros soil moisture measurements,
together with meteorological and hydrological data, will allow for the first time
a quantification of influential processes such as this across diverse climatic and
seasonal regimes.

shown to depend strongly on surface soil moisture, here as mea-
sured by an L-band radiometer (a ground-based prototype of
the Hydros instrument). The correct model representations of
this relationship and the corresponding relationship for runoff
ratio (ratio of runoff to precipitation) are critical for climate
and global change studies. The relationship in Fig. 2 essentially
represents the closure relationship that couples water and en-
ergy balance at the land surface. Land-surface models in atmo-
spheric and hydrologic models require the specification of this
closure relationship. However, the paucity of soil moisture data
until now has restricted any substantial validation of this impor-
tant closure relationship. Hydros measurements provide the re-
quired missing soil moisture element for performing such strin-
gent tests of land-surface models.

V. SUMMARY

This paper provides an overview of the Hydros mission in-
cluding its science rationale and objectives. It also outlines the
measurement approach and instrument requirements. The Hy-
dros mission has been selected as a NASA ESSP pathfinder mis-
sion, and it is currently in the formulation phase, with a launch
date in 2010. During the formulation phase, the Hydros mission
design will undergo further studies to achieve the best design
that meets the maximum science objectives with reduced tech-
nical and cost risks. The Hydros mission will be a core element
of the NASA earth system science focus on the water, energy,
and carbon cycles. It will also bring natural hazards applications
such as severe weather forecasting, flash-flood prediction, and
flood and drought monitoring capabilities into a new era.
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